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Dewar t ,  Nark L . , M . S . ,  August 24,  1984 Env i ro n me n t a l  S t u d i e s
P o l l u t i o n  M o n i t o r i n g  i n  t h e  F l a t h e a d  V a l l e y  Wi th  Honey Bees
( 22 pp. >
D i r e c t o r s :  3 . 3 .  Broaenshenk,  D. B. B i l d e r h a c k
Honey bees,  Aoi s m e I l i f e r a . L. were s t u d i e d  t o  assess t h e i r  
u t i l i t y  as e nv i r on m e nt a l  m o n i to r s  of  f l u o r i d e  and t o  d e t e r m i n e  
r o u t e s  of e n t r y  and t r a n s f e r  of  f l u o r i d e  t o  bees.  P o l l e n ,
a l f a l f a  blossoms,  l e a v e s  and stems,  wat er  and ambient  a i r  were  
sampled i n  f o r a g e  a r ees  s u r r o u n d i n g  e l e v e n  commercial  a p i a r i e s  
l o c a t e d  downwind at  4 - 3 6  km f rom an aluminum s m e l t e r .  Ca l c i um  
f o r m a t e  p l a t e s  were used t o  p r o v i d e  a r e l a t i v e  e s t i m a t e  of  
ambient  f l u o r i d e  c o n c e n t r a t i o n s  i n  each f o r a g e  a r e a .
Bee f l u o r i d e  l e v e l s  r enged f rom 5. OS ug / g  t o  86.1  ug / g  at  
s i t e s  where ambient  a i r  f l u o r i d e  ranged f rom 0 . 0 3  ug/m^to  1 . 4 0  
ug/m^ . P o l l e n  and a l f a l f a  p a r t s  g e n e r a l l y  bad f l u o r i d e
c o n c e n t r a t i o n s  of  l e s s  t han  1 0 . u g / g .  Because p o l l e n  f rom a 
v a r i e t y  of p l a n t s  and t h e  l e a v e s ,  stems and blossoms of a l f a l f a  
a cc umu l a t e d  r e l a t i v e l y  l i t t l e  f l u o r i d e  and s i n c e  v a r i a b i l i t y  
w i t h i n  s i t e s  was h i g h ,  f ew s i g n i f i c a n t  s i t e  t o  s i t e  d i f f e r e n c e s  
i n  f l u o r i d e  c o n t e n t  o f  v e g e t a t i o n  c ou l d  be d e t e c t e d  us i ng  t h e  
S t u d ent - Newman- Kue l s  means t e s t .  Formate  p l a t e s  were usef u l
i n d i c a t o r s  of  s i t e  d i f f e r e n c e s  i n  f l u o r i d e ,  but  t he  f l u o r i d e
c o n t e n t  of  bees p r o v i d e d  a b a s i s  f o r  d i s t i n g u i s h i n g  more 
s i g n i f i c a n t  d i f f e r e n c e s  among s i t e s  t h a n  f o r m a t e  p l a t e s .
F l u o r i d e  i n  or on bees may be due t o  i n g e s t i o n  of  n e c t a r  or  
p o l l e n ,  or a c c u m u l a t i o n  f rom t h e  a i r  or o t h e r  p o s s i b l e  r o u t e s  of 
e n t r y .  P a r t i a l  c o r r e l a t i o n  a n a l y s i s  suggest s  t h a t  bees
acc umul a t ed  a s u b s t a n t i a l  amount of f l u o r i d e  f rom ambient  a i r .
P o l l e n ,  a l f a l f a  l e a v e s ,  stems,  and blossoms c o n t r i b u t e d
c o n s i d e r a b l y  l e s s  of  t h e  f l u o r i d e  found i n  or on bees.
Bees were e f f e c t i v e  mo n i t o r s  of  f l u o r i d e  d i s t r i b u t i o n  w i t h i n  
a g i v e n  g e og r ap h i c  a r e a  and p r o v i d e d  a b a s i s  f o r  compar ing  
p o l l u t a n t  l e v e l s  w i t h  o t h e r  r e g i o n s  as wel l  as f o l l o w i n g  changes  
i n  p o l l u t a n t  c o n c e n t r a t i o n  t h r ou g h  t i me .
11
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INTRODUCTION
Human activities add thousands of tons of toxic substances 
into the environment each year. The magnitude and extent of 
the problem is difficult to assess because chemicals are 
released not only from from large* fixed industrial sources, 
but by small commercial* residential and mobile sources as 
well. Contaminants may enter the environment as single* 
known chemicals or in complex, unknown mixtures. There is 
great need for a monitoring tool that will evaluate
hazardous substances over large areas in a cost effective
manner.
It is well known that honey bees Apis,mel1ifera, L, have a 
low tolerance for many pollutants and that bees and bee
products accumulate heavy metals, pesticides and 
radionuclides COebackere* 1972; Atkins et al.* 1968; Kirkham 
and Corey, 1972). This tendency of bees to accumulate
contaminants in or on their tissues has lead several 
investigators to suggest bees as biological monitors of 
temporal and spatial trends in the distribution of 
pollutants over large areas (Debeckere* 1972; Toshkov* 1974; 
Bromenshenk, 1981).
This study determined fluoride levels in bee colonies in 
the vicinity of an aluminum smelter. Fluoride levels in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
air» water » pollen» al fai fa 1eavea » stems and blossoms were 
examined to investigate routes of entry and transfer of 
fluoride from air to vegetation to honey bees. The primary 
objective was to assess bees as biological monitors.
THE STUDY AREA
The Flathead Valley lies in northwestern Montana » U.S.A. 
The valley is rimmed on three sides by mountains that rise 
from 5»000 to 10»000 feet and by Flathead Lake on the fourth 
side. Three rivers* numerous streams and sloughs and over 
1000 farms and ranches occupy the valley floor. The 
principal agricultural products are cattle, wheat » alflafa, 
Christmas trees and cherries.
The major heavy industry in the valley is an aluminum 
reduction plant (Figure 1). The plant emitted 1 »760 - 1,980
kg total fluorides per day during the study in 1980, a 
considerable decline from the 16,500 kg per day released 
between 1968 and 1971 (Montana Department of Health, 1968 
-1981).
Diurnal variations in surface wind direction have 
significant effects on the distribution of fluoride in the 
valley. Nighttime drainage of a large area of mountainous 
terrain through Badrock Canyon results in northeast winds in 
the immediate vicinity of the plant and causes fluoride to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
accumulate to the west and southwest of the smelter (Gelhaus 
et al., 1979). During the day, vertical air currents develop 
over the sun heated valley floor lifting accumulated 
effluents into high level southwesterly winds that carry 
these materials over the mountains to areas northeast of the 
smelter (Gelhaus et al., 1979).
MATERIALS AND METHODS
Eleven commercial bee apiaries, located at distances of 
4—36 km from the aluminum facility were sampled the first 
weeks of August and September in 1980. Figure 1 shows the 
location of these apiaries with an estimated 3 km radius of 
foraging area. Typically, the area foraged by bees contains 
about 10,000 acres from which bees will collect materials 
for the colony (Gary et al., 1972). No apiaries were 
available for sampling northeast of the smelter because of 
the danger of bear predation in that area.
Sampling and analytical materials and methods for bees and 
pollen were detailed by Bromenshenk (1980). Briefly, an 
acrylic aspirator affixed to a portable 12 volt vaccuum was 
used to vaccuum foraging bees into acid washed collection 
jars as they landed on hive entrance boards. Seven colonies 
were randomly selected from the 20—40 at each apiary for 
sampling. A 30 g (wet weight) sample of foraging bees was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
taken from each of the seven colonies* Bee samples were 
immediately frozen under dry ice and kept frozen until 
processed.
A 2 - d  g sample of pollen was removed from combs in each of
the seven colonies sampled for bees using an acid washed
plexiglass pick. Pollen was stored at room temperature in 
plastic vials.
The foraging area surrounding each apiary was sampled for 
alfalfa foliage (leaves and stems)» alfalfa blossoms» 
ambient air and water. Random samples of ten alfalfa plants 
in bloom were taken from fields being foraged by bees. An 
acid washed » stainless steel knife and plastic gloves were 
used to pick the aboveground portion of alfalfa. A sample 
of blossoms was removed from the alfalfa foliage in the
field for separate analysis. Seven calcium formate plates 
(Robinson » 1957) were deployed at bee flight height
(approximate!y 75 cm) for 30 days between the August and
September collections. The plates were deployed in alfalfa 
fields throughout each bee forage area to provide a relative 
measure of ambient fluoride concentrations. A water sample 
was taken from the primary water source for each apiary and 
frozen until analyzed.
Bees » pollen» alfalfa foliage and blossoms were dried
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
o
before analysis at 45 C for seven days ' and then ground in a
(§)Uiley Mill to pass through a 40 mesh screen. Ground and
dried material weighing 0.50 grams was placed into a clean
metal crucible and slurried with disti11ed—deionized water
and 0.05 grams of low fluorine calcium oxide. Samples were
then charred under infrared lamps, and ashed overnight in a
o
muffle furnace at 600 C. Ashed samples were digested in 2 ml 
of 50% perchloric acid and then diluted to 100 ml total 
volume with a 50% solution of Orion Tisab total ionic 
strength buffer and disti11ed—deionized water. Water was 
analyzed by bringing a 50 ml sample to 100 ml with 100% 
buffer solution. Calcium formate papers were removed from 
their plastic holders and leached for 24 hours in 20 ml of 
50% buffer solution* then diluted to 100 ml total volume 
with 50% buffer solution.
Fluoride content of all samples was determined using the 
Orion 601 ion specific electrode. Prior to each day's 
analysis* the millivolt response of the electrode was 
determined for standard solutions of fluoride containing
0.05, 0.10.1.0,5.0* 10.0 and 19.0 ug/g fluoride. These
(§)standard solutions were prepared daily from an Orion 100 
ug/g standard stock solution. Fluoride concentration in 
sample solutions was determined by a computerized 
interpolation of millivolt values for samples compared to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
the calibration curve for standards.
Five quality assurance reference standards were routinely 
employed* Two standards were vegetation with a mean 
fluoride content of 1.95 ug/g (2 50=1.5) and 9.9 ug/g (2 
SD=1.9). Three standards were bee tissue with a mean 
fluoride value of 3.3 ug/g (2 30=1.6)» 12.7 ug/g (2 50=3.8) 
and 52.5 ug/g (2 50=9.2).
To determine if fluoride was lost from samples during the 
charring and ashing phase of analysis* standard additions 
ranging from 5-300 ug of sodium fluoride were made to 
samples of low fluorine calcium oxide and bee tissue 
standard before and after charring.
All statisitcal analysis were parametric tests based on 
methods given in 5okal and Rohlf <1969, 1981) and utilized 
data that underwent a common logarithmic transformation. 
Analysis and transformations were performed either on a 
Dec system-20 or Hewlett—Packard 97 computer.
RESULTS
When fluoride standard additions were made to calcium 
oxide and bee tissue before ashing, recoveries ranged from 
85.0%—102.6%. Recoveries ranged from 86.5% to 108.6% when 
additions were made after ashing.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Statistical eva1uat i ons of August and September* 
collections were conducted separately. Mean fluoride and 
95% confidence intervals (C.I.) for August and September 
bees are given in Table I.
TABLE I. AUGUST AND SEPTB4BER 1980 MEAN BEE FLUORIDE LEVELS AND 95% 
CONFIDENCE INTERVALS AT 11 FLATHEAD VALLEY APIARIES
SITE* AUGUST SEPTEMBER
MEAN BEE MEAN BEE
FLUORIDE 95% C..1. FLUORIDE 95% C.,1.
1 38.66 27.00 to 55.35 38.45 28.34 to 52.142 27.15 24.28 to 30.35 28.07 24.22 to 32.503 26.73 24.38 to 29.30 34.30 31.35 to 37.51A 11.89 9.83 to 14.38 13.16 11.14 to 15.505 10.66 7.73 to 14.17 16.95 12.16 to 23.496 12.02 9.51 to 15.18 20.35 15.60 to 26.437 4.99 4.12 to 6.03 8.11 5.69 to 11.408 7.23 5.67 to 9.23 14.17 12.52 to 16.039 13.50 12.10 to 15.06 16.18 14.47 to 18.0910 10.05 7.73 to 13.08 16.69 15.29 to 18.2111 7.34 5.15 to 10.46 12.01 10.28 to 14.01
For most receptors» a one way analysis of variance for the 
August and for the September collections demonstrated highly 
significant statistical differences (P<0.001) due to 
treatment effects at the different sites. Water was the 
only receptor that the analysis of variance failed to show 
differences between sites.
Since there were significant differences for other 
receptors, the Student-Newman-Kuels (SNK) test was used to 
perform a multiple comparison of the means to further 
investigate specific site differences» The results of this 
analysis are listed in Table II.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE II. SNK TEST FOR SIGNIFICANT DIFFERENCES AMONG FLUORIDE MEANS
RECEPTOR
»
SITES
FORMATEa# A T C e 7 5 8 11 6 10 9 A 3 2 1
AUGUST
A ffip e
7 8 11 10 5 A 6 9 3 2 1
SEPTEMBER
t t c v e
7 11 à 8 9 10 5 6 2 3 1obb9
AUGUST 10 3 11 7 1 9 6 5 4 2 3
SEPTEMBER
DfH 1 CXI
7 11 10 5 9 8 A 2 6 1 3r'XJl-Wfcri
AUGUSTALFALFA 5 11 10 6 A 7 9 8 3 1 2
BLO SSO M S
S^TEMBERALFALFA 6 5 A 9 11 10 8 1 7 3 2BLOSSvna
AUGUSTALFALFA 11 10 9 8 7 3 6 2 5 1 A
r u u x A u c
SEPTEMBERALFALFA 11 7 9 5 A 8 6 3 1 10 2FOLIAGE
*M#mnm mt 11 sitaa are ranked from left to right in order ofinervasine magnitwd* Fluorida. Meana eneomeaaaed by any one1 in* w*r«t net statistleal 1 y different <P<0 .05).
Spatial trends in the distribution of fluoride in the ualley 
are shown in Figure 1 based on the September collection of 
bees. This collection serves as the basis of the 
distribution map because calcium formate plates determined 
ambient f 1 ouride levels during a 30 day exposure period 
prior to this collection.
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BADROCK
CANYONîCOLUMBIA
mm msi&M
0 2 5 10
KILOMETERS
KALISPELL
FIG.1 September, 1980 Bee Mean Fluoride Values in the
Flathead Valley. Estimated forage areas are shown 
by circles and have been shaded to indicate 
magnitude and statistical differences of mean 
fluoride for bees from apiaries at the center of 
each forage area. Areas with darker shading 
demonstrated higher mean fluoride. Forage areas 
with differently shaded patterns had mean fluoride 
1Ave13 that were statistically different (P<0.05). 
Patterns are based on mean fluoride data for bees 
summarized in Table I.
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In an effort to investigate more closely the contribution 
of air» water » and vegetation to the fluoride in or on adult 
honey bees we utilized partial correlation analysis. The 
results are given in Table III.
TABLE III. ZERO-OROB? AND PARTIAL CORRELATIONS BETWEEN FLUORIDE ANO OTHER VARIABLES HONEY BEE
CORRELATION BETWEEN BEE FLUORIDE ANO
ZERO ORDER CORRELATION r
PROB.
p
PARTIAL FIRST CORRELLATIONS ORDER PROB. CONTROLLING CORRELATIONFOR r p
AMBIENT
FLUORIDE
.7195 <0.001
ALFALFA FOLIAGE 
POLLBIALFALFA BLOSSOMS .6450 <0.001
POLLEN .3978 <0.001
ALFALFA FOLIAGE AMBIENT FLUORIDE ALFALFA BLOSSOMS .2708 <0.05
ALFALFA
FOLIAGE .4253 <0.001
AMBIENT FLUORIDE POLLENALFALFA BLOSSOMS .3262 <0.05
ALFALFA
BLOSSOMS .3422 <0.001
AMBIENT FLUORIDE POLLENALFALFA FOLIAGE
-.0727 <0.318
DISCUSSION
In the range of 10.5 to 15.5 ug» loss of fluoride during 
chemical analysis was minute. Above 15.5 ug fluoride, 
recoveries were depressed by 10—18%. In this study » only 
2.8% of the samples analyzed contained more than 15.5 ug 
fluoride in the sample aliouot. Fluoride concentration 
probably was underestimated in these samples» all of which 
were bee tissue » by approximately 15%. Percent bias for 
samples containing less than 15.5 ug of fluoride ranged from
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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-0.8 to +2.6%.
Calcium formate plates can be used to estimate ambient air
concentrations of fluoride using the conversion factor (ug
2 3
F/cm /day X 8.74+1.62 ~ ug F/m ) developed by Lynch et a l .
(1978). Using this conversion factor, sites 1-4 have mean
3
ambient fluoride levels that range from 1.40 ug F/m to 0.54 
3
ug F/m . A dispersion model based on meteorological 
conditions and plant emissions for April through September
1980 predicted ambient fluoride levels to range from 0.1
3 3
ug/m to 0.7 ug/m in the immediate vicinity of the smelter
(Montana Department of Health, 1982). Using data from
formate plates deployed in forage area 1 by the Montana Air
3
Quality Bureau, 1.49 ug F/m was present at site 1 during
the study (Sternberg, 1981) which agrees with the 1.40 ug 
3
F/m value abtained from our formate plates. Sites 1,2,3,4 
have ambient fluoride levels similar or higher than fluoride 
levels in the immediate vicinity of the smelter as predicted 
by dispersion modeling (Montana Department of Health, 1982).
Thompson et a l . (1971) reported 2164 24 hour measurements
of ambient fluoride concentration in rural areas of the U.S.
over a three year period. Ambient fluoride concentrations
were determined with high-volume samplers. This study found
98.5% of the samples were less than the detection limit of 
3
0.05 ug F/m and 1.3% of the samples were between 0.05 ug
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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3 3
F/m and 0.09 ug F/m . One sample, later found to be
3
downwind from a uranium mine, averaged 0.16 ug F/m . Based
on calcium formate plate data, the mean and confidence
interval for ambient fluoride levels at site 7 fell below
the detection limit of the high—volume monitors used by
Thompson et a l .(1971). Ambient air at site 7 appears to be
similar in fluoride levels to rural non-industrial
3
atmospheres. Sites 5,6,7,9,10,11 exceed the 0.05 ug F/m 
detection limit of the Thompson et a l . study (1971). These 
forage areas appear to be exposed to higher than background 
levels of fluoride.
Mean fluoride values for alfalfa foliage, alfalfa blossoms 
and pollen were similar between many sites that appeared to 
be significantly different based on ambient fluoride 
levels. Alfalfa foliage at only one site had a mean 
fluoride content greater than 10.0 ug/g. These samples were 
taken from an abandoned field containing older plants. 
Suttie (1969) collected 107 samples of alfalfa from plots 
across the U.S.A. believed to be more than 16 km from 
industrial sources of atmospheric fluoride. Seventy—five 
percent of his samples were below 3 ug/g fluoride, and only 
7% were found to have more than 10 ug/g fluoride, 5 of which 
were found to have come from within 8.1 km of major 
industrial centers.
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Fluoride in alfalfa blossoms tended to be below 4 ug/g 
■fluoride and did not differ significantly <P<0.05) from the 
fluoride found in the 1 eaves and stems. Bortitz <1977) 
reports that blossoms of Dandelion» Pussy Wi11ow » and Red 
C 1 over are capable of accumulating as much as 24-4150 ug/g 
fluoride in industrial atmospheres. The internal floral 
parts tended to have higher concentrations of fluoride than 
the petals. He did not compare blossom fluoride levels to 
concentrations in the leaves and stems.
Over half of the pollen samples from sites 1>2*3»4 had 
fluoride levels in excess of 3.0 ug/g while the majority of 
samples from other sites had less than 3.0 ug/g fluoride. 
Bromenshenk (1978) found fluoride concentrations below 3.0 
ug/g in 96% of 57 pollen samples from a pristine airshed in 
eastern Montana. In the Flathead Valley, as with alfalfa 
samples, pollen concentrations of fluoride revealed little 
trend in geographic distribution of fluoride.
Kirkham and Corey (1977) concluded that pollen was a more 
sensitive indicator of radionuclides and some inorganic 
elements than bees or honey but results in Table II suggest 
that pollen is not useful for distinguishing site to site 
differences in mean fluoride. Bees were more sensitive 
indicators than either alfalfa or pollen based on their 
ability to detect significant differences in fluoride
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
14
between sites*
September bees show a pattern of fluoride distribution 
(Figure 1) that is consistent with ambient fluoride 
concentrations as indicated by Table II and with diurnal 
wind patterns near the smelter (Gelhaus et al ., 1979). The
one exception was site 4. Gelhaus et a l . (1979) monitored
winds in this forage area and found the station was too far 
south to regularly detect fluoride carried by nighttime 
winds through Badrock Canyon. Formate plates used in this 
study were mainly deployed at the north end of the forage 
area, which may have experienced rather variable winds 
carrying fluoride. In addition» bees may have 
preferential 1 y foraged south of areas influenced by Badrock 
Canyon winds.
Carl son (1973) estimated accumulation isopols for fluoride 
based on vegetation samples taken near the smelter. Figure 
1 shows that bees extend the ability to map fluoride 
distribution over greater distances and are consistant with 
patterns determined by Carlson (1973) using vegetation.
Honey bees also detected temporal changes in fluoride in 
the valley. Dewey (1973) reported that bees sampled 1 km 
south of the smelter in 1971 had 221 ug/g fluoride. Since 
1971 » smelter emissions have declined by 88% (Montana
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Department of, Health, 1968-1981). In 1980, no bee sample 
contained more than 86.5 ug/g fluoride which is a 61% 
reduction from the fluoride value in bees reported in 1971.
Based on bee fluoride levels, site 7 is comparable to 
pristine areas* Bromenshenk (1978) reported fluoride levels 
in 103 samples taken from eastern Montana. In these samples, 
80% contained less than 10 ug/g fluoride and 16% had 
concentrations that fel1 between 10 ug/g and 15 ug/g 
fluoride. Only 4% of the samples contained more than 15.1 
ug/g with a maximum value of 20.5 ug/g fluoride. At site 7 
in the Flathead V/alley, 86% of the samples in 1980 were 
below 10 ug/g in fluoride and the rest were below 15 ug/g 
fluoride. In contrast, site 1 had mean fluoride levels of 
41.671 (1 30=20.328) in August and 40.366 (1 80=14.335) in
September. Though these were the highest bee fluoride levels 
found at any site in the Flathead valley in 1980, they are 
lower than fluoride levels reported for bees downwind from 
other aluminum smelters. Bromenshenk et a l .(1984) found 
bees with fluoride concentrations as high as 182 ug/g 
fluoride near Tacoma, Washington. Rice (1984) found fluoride 
levels in bees to range from 185 — 406 ug/g at several sites 
on Cornwall Island, Ontario.
Since there were no significant site differences in 
fluoride concentration in water, water does not appear to be
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a major source . of fluoride in bees. The pathway by which
fluoride reaches the bee is not clearly understood. 
Fluoride can get into the bee through respiration, or by
being absorbed from particles that adhere to their bodies. 
Fluoride could transfer to bees from accumulated
concentrations on or in plants. Oebackere <1972) and 
Toshkov et al. (1974) suggest that much of the fluoride
found in bee tissue may have come from pollen that bees
consumed during larval development. Bortitz, (1977) reports
total fluoride levels ranging from 15—3420 ug/g in Willow,
Dandelion, and Apple blossoms in industrial areas. The
water soluble fraction of these values range from 7—40% and 
further indicates that a substantial amount of mobile
fluoride may be available in flowers for bees to accumulate 
through ingestion. Neverthe1 ess, Alstad et al., (1982) 
suggest that fluoride is unavailable for biological 
accumulation through ingestion since fluorides are 
biologically active and as such should be quickly bound by 
plant tissues. Other studies report little transfer and 
retention of ingested fluoride. Less than 0.1% of the 
fluoride ingested by Mexican bean beetles feeding on
fumigated bean foliage was retained in the tissue of the
beetles (Weinstein et al., 1973; Weinstein, 1977). However, 
because of differences in physiology bean beetles may
respond differently to ingested fluoride than honey bees.
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Little transfer or retention of pollen borne fluoride by 
bees is consistant with the observations of Bromenshenk 
(1980) who examined fluoride in pollen* pupae * young and 
adult bees exposed to fluoride from water and air sources. 
Pupae demonstrated little accumulation of fluoride via 
ingestion, pupae fluoride levels were approvimate1 y the same 
as pollen. Even when adult bees averaged 76.30 (1 SD=19.94) 
ug/g fluoride pupae averaged only 2.20 <1 SD=0.72) ug/g
f1uoride.
Bees fly tremendous distances in collecting a variety
materials for the hive. In atmospheres contaminated with 
fluoride, bees would come in contact with substantial 
amounts of reactive fluoride. Zero-order correlations 
between bees and ambient air fluoride (Table III) were high 
and significant (r = .7162 P<0.001). Zero-order correlations 
between bee tissue fluoride and pollen, alfalfa foliage, and 
alfalfa blossoms were significant but generally low. Based
on Zero—order correlations alone, it appears that air and
other receptors may contribute to fluoride found in bees. 
However, some of these correlations may be spurious.
Fluoride in pollen, alflalfa foliage, and alfalfa blossoms 
may only coinc idently correlate with f 1 ouride in bees 
because all receptors may be influenced by ambient air
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f 1uoride. Partial correlation can reveal spurious 
correlations by measuring the association between two
variables while adjusting for the effects of one or more
additional variables. Controlling variables by means of
partial correlations reduced correlations between bees and 
alfalfa blossoms» alfalfa foliage and pollen even further 
while the correlation between bees and ambient air fluoride 
remained high.
CONCLUSIONS
Honey bees accumulated fluoride in the vicinity of an 
aluminum smelter to levels that were 2—4-0 times the level 
found in pollen» alfalfa foliage and alfalfa blossoms in the 
bee's forage area. Water » pollen» alfalfa foliage and 
blossoms contribute relatively small amounts of fluoride to 
bees. Much of the fluoride in or on bees appears to be 
acquired from fluoride in the ambient air.
Because bees accumulated greater amounts of fluoride than 
other fluoride receptors studied, they were more sensitive 
indicators of the spatial distribution of fluoride. Bees 
detected more site to site differences in mean fluoride 
levels and were able to follow distribution patterns of 
fluoride for greater distances than pollen or alfalfa. The 
spatial distribution of fluoride detected by bees was
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consistant with changes in ambient air fluoride levels 
determined during the study and with other studies of 
fluoride dispersal in the Flathead Valley (Carlson 1973, 
E.P.A. 1973).
Bees not only can be used to determine the fluoride 
patterns within a given geographic area, but they provide a 
basis for comparing pollutant levels with other areas or 
regions as well as foil wing changes in pollutant 
concentrations through time. Man has long benefited from 
these insects in terms of products such as honey, wax and 
pol1ination services. Perhaps man can further benefit from 
the industry of these insects by using honey bees to detect 
and define areas of serious environmental contamination 
before critical damage has been done.
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